Introduction
Learners throughout the country find themselves in situations in which high demands are made on them in order to process loads of information to master contents and to apply their knowledge and skills in everyday situations. South African training institutions are being challenged to assess whether they train learners sufficiently in survival skills, to become lifelong learners and to accept responsibility for the learning process. With an increased emphasis on the acquisition of certain outcomes and skills in an outcomes-based education system, it has become critically important for teachers to . o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) assess the effectiveness of their own teaching. The use of assessment instruments that could help teachers to monitor their own teaching is assuming increasing importance. Since the natural sciences currently are the focal point in education circles in South Africa, research with regard to instruments that deal with these subjects is of special importance (Department of Education, 1995) . Apart from the demands described above, the consequences of the former apartheid education system in South Africa are still 'catastrophic' (Kahn, 2004, p. 149) and they still seriously hamper the career prospects of (especially) black learners. The Third International Mathematics and Science Study Repeat Survey (TIMMS-R) of worldwide trends in respect of scholastic performance in mathematics and physical science (gateway subjects for tertiary education) confirmed once again that South African mathematics learners' performance was significantly poorer than that of the vast majority of other participating countries in the tests that measured basic mathematical skills (Howie, 2001, p. 18) . South African learners struggled to deal with word problems and experienced great problems with fractions and sums in which geometry had to be used to calculate area. In general learners experienced huge problems communicating their answers in the language of the test (English) and they gave indications that they did not have the basic mathematical knowledge that is required from Grade 8 learners. Moreover recent research has revealed that the vast majority of Grade 6 learners in the Western Cape in South Africa (normally one of the top-achieving provinces in South Africa) have not even mastered the literacy and numeracy levels expected of Grade 4 learners (Kassiem, 2004) . Of the approximately 35,000 Grade 6 learners tested in the Western Cape in 2003, only 15.6% passed the numeracy test. Moreover the results confirmed the huge discrepancy between the achievements of former model C schools (with a predominantly white learnership) and those of previously disadvantaged schools (with a black learnership) (Dugmore in Kassiem, 2004) . The influence of affective factors on mathematics performance has been noted by a number of authors (Maree, 1997a) , who refer to the predictive value of affective factors relating to mathematics performance. Clearly inadequate performance in mathematics is seldom simply of a cognitive nature. Unless affective or emotional factors are taken into proper account, problems in mathematics may well be approached in a biased way. Thus it would be realistic to expect, at most, limited success in identifying and managing of inadequate performances in mathematics.
Research aim
The general aim of this study is to facilitate improved access of traditionally disadvantaged learners to good quality public education in South Africa. More specifically, its aim is inter alia to identify and narrow the gap between the Tswana learner's level of achievement in mathematics on the one hand, and his/her achievable levels in mathematics on the other hand.
Research questions
The main research question investigated in the current study concerns the specific training needs in mathematics of Tswana learners in Grades 3, 4 and 5 and can be o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) phrased in the following terms: Does a significant relationship exist between the performance of the Grade 3, 4 and 5 Tswana learners in the Mafikeng area in mathematics diagnostic tests, and the self-confidence, study habits and study attitudes of these learners towards mathematics as measured by a Learner Questionnaire? A number of secondary research questions that emerge from the primary research question include the following:
• Does a relationship exist between the Tswana learner's insight into language and problems in mathematics? • Does a relationship exist between the Tswana learner's cognitive and affective disposition (self-confidence in mathematics, attitude and habits with regard to
In general, these questions centre around the associations between the performances of the different grade groups (Grades 3, 4 and 5); and the two sex groups in the diagnostic test (Mafikeng area) and the Learner Questionnaire. The following statistical procedures were, inter alia, carried out to investigate the hypothesis:
• Factor analysis;
• item analysis; and • post hoc comparisons.
Variables
The variables used for the purpose of this survey were the following:
Dependent variables
Dependent variables concern Grade 3, 4 and 5 learners' performance in the subsections of the diagnostic tests, as well as in the three fields of the questionnaire (Mathematics Self-confidence, Study Attitude towards mathematics and 'Assistance' in mathematics.
Independent variables
The independent variables include the following: Grades (3, 4 and 5); and Sex.
Definition of a number of key concepts

Tswana-speaking learner
The concept 'Tswana learner' refers, inter alia, to the home language of the learner, namely Setswana. For the purpose of the current study this refers specifically to the learner who receives formal training in English, but whose home language is Setswana. o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) )
Research design
The overall research design is multimethod, involving a combination of quantitative and qualitative methods. We chose an interpretative approach, implying that the aim was to understand epistemologically in a trustworthy way, but nonetheless accepting that researchers' perceptions of reality not only vary, but, in fact, differ greatly.
Sampling
The quota sampling method was used for the purpose of this study (Erasmus, 2002) .
The learners who participated in the sample had to meet the following requirements:
• They had to be attached to one of the four English-medium primary schools in the Molopo area in Mafikeng.
• The learner's home language had to be Setswana.
• Learners had to be in either Grades 3, 4 or 5.
Schools A, B and D that participated in the research were public schools, and the other was a private school. School C was a traditionally white school in which the vast majority of learners were white. In the previous dispensation this school had fallen under the jurisdiction of the Cape Education Department, and afterwards had been taken over by the Bophuthatswana government. Schools A and D are schools that were founded by the former Bophuthatswana government. Their medium of teaching was English and they were regarded as semi-private schools. However, at present these two schools are ordinary state schools again. School B is a private school founded by the then Bophuthatswana government, and the primary school was founded in 1996. The majority of testees come from the lower economic income group. In most cases both parents work. There are also a considerable number of cases where the testees live with grandparents or other relatives.
For ethical reasons all learners (Setswana-speaking as well as other mother tongue speakers) in Grades 3, 4 and 5 took part in the survey, although only the data of the Tswana learners were used for the purpose of this survey. Tables 1 and 2 o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) )
Measuring instruments
Learner questionnaire
A questionnaire containing 50 items was initially compiled for the Tswana-speaking learners (Erasmus, 2002) . The items in this Learner Questionnaire were, inter alia, based on items of the Study Orientation Questionnaire in Mathematics (Maree, 1997b) . Certain factors that were taken into account in compiling the final set of questions, include the following:
• The learners are all attached to primary schools, and their experience of the training and learning situation in mathematics differs from that of learners in the high school.
• The contents of the items and the words used in them, should be on such a level that they can be understood by all Tswana-speaking testees.
• The overall aim of the Learner Questionnaire is to determine whether the following factors do indeed play a role in the mathematics performance of the Tswana learner: • Aid in mathematics.
• Mathematics self-confidence.
• Study attitude towards mathematics.
Diagnostic tests
The diagnostic tests implemented in the current study are based on diagnostic tests for mathematics constructed by the University of Stellenbosch (author and date of publication unknown). The language and items were, however, adapted for the learners who are taught through medium of a second language (Erasmus, 2002) .
The diagnostic test was submitted to the teachers of the participating schools with a view to their evaluation of the items in order to facilitate content validity. For the purpose of the current study this test will be called the Mafikeng Diagnostic Test. The test was in English and comprised five subsections.
(1) Mental arithmetic-No language. In this section the learner was only required to 'read' sums. Comprehension of the problem did not depend on language. Examples of items under this section are: o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) The diagnostic tests for the different grades contain the same subsections and types of items, but they differ in respect of degrees of difficulty.
Limitations of the research
The following are a number of the limitations of the study:
• The study was limited in scope.
• Previously standardised questionnaires were not used in the research.
• The group was limited and the possibility of statistical inference or generalisation was also limited.
• A different researcher may well interpret the results in a different way.
Ethical aspects
Liaison with the Education Department and the school principals, as well as with parents of the Tswana learners, had taken place before the research was implemented. The District Manager of the North West Department of Education, as well as the Executive Manager of the private school gave written permission for the current research to be carried out. Parents were informed of the research project and, where possible, requested to allow the publication of the research results.
Data processing, procedure and instruments
In an effort to determine whether there was a significant relationship between the performance of Tswana learners of the Mafikeng area in mathematics diagnostic tests o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) )
and their achievement in a study orientation questionnaire in mathematics, the following procedure was followed:
• The total group's frequency distribution with regard to grade and sex was determined.
• The diagnostic tests' frequency distribution was established.
• The mean and standard deviation of the diagnostic tests were calculated.
• The frequency distribution of the questionnaire was determined for each separate grade. o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) )
Hypotheses
Results
All the eigen values are larger than one and can therefore be interpreted. Furthermore it is clear from Table 3 that all 30 selected items belong to the three fields: the criterion used to determine whether items should be included in the questionnaire, is Child's arbitrary criterion of 0.30 in respect of factor loadings (Child, 1990) . The reliability of the three fields of the Learner Questionnaire was determined with the help of Cronbach's alpha coefficient. o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) Inspection of Table 10 suggests that the majority of the learners in all grade groups enjoy mathematics. Learners in higher grades seem to enjoy the subject even more than those in lower grades. The table provides some proof that learners experience difficulty with the language in which mathematics is taught at this level o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) (i.e. English). Clearly almost half the learners in the research group experience difficulty in understanding the specific, technical language of mathematics, even at this early stage of their careers. Moreover the table also reveals that the majority of learners believe that they can do better in mathematics. During interviews, learners confirmed this view, stating that they would do better if a number of debilitating factors were handled in a satisfactory way. These include language of learning (learners are taught in English, however, very few of them have mastered English properly), a general poor socio-economic environment, overfull classrooms, and lack of learner support material. The number of Grade 4 learners who become anxious when they do mathematics is the highest of the three groups. During interviews learners confirmed their frustration at the fact that teachers and other adults seem to become irritated when learners ask questions in the mathematics class. o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) )
Discussion
Evaluation of the Learner Questionnaire
The factor analysis and item analysis highlighted three clear fields for the total group (i.e. Grades 3, 4 and 5) (Table 3) , namely
• mathematics self-confidence;
• attitude (towards mathematics); and • assistance. (The effect of assistance in a group or in an individual context on the learner's motivation to do better in mathematics.)
Post hoc comparisons
The Wilcoxon Rank Sum Test ( o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) )
Inspection of the results of the Wilcoxon Rank Sum Test (Table 6) showed that the performance of boys and girls in Field 1 (Mathematics self-confidence) differed significantly. Boys performed statistically significantly better in this field than girls.
Inspection of the results of the Kruskal-Wallis procedure (Table 8 ) also highlighted significant differences in the medians of Grade 3, 4 and 5 learners in respect of all three fields of the Learner Questionnaire. The medians of the Grade 5 Tswana learners in the fields Mathematics self-confidence and Attitude are statistically significantly better than those of the Tswana learners in Grades 3 and 4, while learners in Grade 5 also achieved statistically significantly better in Field 3 (Assistance) than did learners in Grade 3.
The Kruskal-Wallis procedure (Table 7 ) indicated significant differences between the medians of the three grade groups (i.e. Grades 3, 4 and 5) in respect of the following four subsections (Q2-Q5): Mental Arithmetic (where language plays a role), Mechanical Operations (where language plays a less important role than for example in Word Sums), Notation and Place value (where language plays a role), Word Sums (where language plays a role), as well as the Total Score (Q6) obtained in the diagnostic test (Mafikeng area).
Interestingly enough, and despite the findings in the previous paragraphs, the Grade 3 Tswana learners' medians in each of the subsections (Q2-Q5) and the Total Score (Q6) were significantly higher than the medians of the Grade 5 Tswana learners (Table  7) . It has emerged inter alia from discussions with learners in Grade 3 that the Grade 3 Tswana-speaking learners (taking their grades into account) have a better knowledge of the language of mathematics. This factor subsequently has a positive impact on their performance in mathematics tests that require a good basic knowledge of the language of mathematics.
The medians of the Grade 4 Tswana learners in the subsection Mental Arithmetic (Q2 where language plays a role) are statistically significantly lower than the medians of Grades 3 and 5 learners ( Table 7) . The Tswana learners in Grade 4 experience more serious problems with Mental Arithmetic where mathematics language plays a role.
Some 'concrete' recommendations
Our research makes it clear that Tswana learners' problems in mathematics may, inter alia, include the following assessment and evaluation methods:
• A mathematics portfolio for the establishment of a permanent record of the Tswana learners' comprehension of mathematical concepts.
• The use of diagnostic tests (such as the test referred to in this article) that are aimed at the assessment of the cognitive facets of the Tswana learners' mathematics performance.
• The introduction of questionnaires (such as the Learner Questionnaire referred to in this article) that have as aim the assessment of the affective facets of the Tswana learners' mathematics performance. o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) )
• Co-operative learning may lead to greater self-confidence and boldness when working in groups.
• The use of worksheets in mathematics. A clearer exposition of questions may lead to more effective teaching.
An important item to be included in the portfolio is the diagnostic analysis or error analysis of the learners' work in formal, informal or standardised assessment. Diagnostic assessment has the following two broad aims:
• The identification of specific problem areas experienced by the learner in mathematics-cognitive as well as motor facets.
• Survey of the learners' mathematics habits and attitude with regard to mathematicsaffective and normative facets.
Evaluation of cognitive facets
The following tests/work of the learners may, inter alia, be used for diagnostic analysis:
• Informal diagnostic tests, specifically set by the teacher to test specific concepts or combinations of concepts. The diagnostic test (Mafikeng area) is an example of such a test.
• Standardised or formal diagnostic tests.
• Schoolbooks.
• Work assignments.
• All tests, examinations and other forms of assessment and evaluation.
Evaluation of affective facets
Affective facets that may be assessed, include, inter alia, the following:
• Visible facets: The learner's initiative, participation in class discussions and cooperation in a group context. • Hidden facets: The learner's attitude and disposition towards mathematics as a subject; his/her self-confidence and perseverance.
• Taking the research results and views of the learners and teachers as well as the positive way in which all the research questions were answered into account, the main problems of the research may be remarked upon as follows: There seems to be a relationship between the Tswana learner's inadequate language proficiency and an inability to perform well in mathematics, as well as between his/her cognitive disposition and his/her mathematics achievement.
To address the challenge of inadequate performance in mathematics by the Tswana learner in the Mafikeng area effectively, a number of matters deserve our attention. Training of teachers for the teaching of mathematics language to the non-Englishspeaking learner seems essential, as well as facilitation of parental guidance programmes and programmes that may enable the parent to help the Tswana learner o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) with mathematics at home. It is therefore essential that parents are empowered to become involved. Consideration should, for example, be given to the 'training' of a number of parents who may in turn 'train' other parents, and to in-service training of teachers of Tswana-speaking learners in the Mafikeng region in the teaching of mathematics. Future research on the mathematics achievement of Tswana learners should also take into more detailed account the objectives of mathematics teaching. Attention should be given to the development of problem-solving skills, as well as to the development of conceptual knowledge and knowledge concerning procedures. A framework for mathematics teaching should be discussed, including the question about the ways in which learners learn mathematics. This involves, on the one hand, an investigation into the three cognitive processes that contribute to the construction of mathematical knowledge, namely presentations, reflection and automatisation and, on the other hand, an investigation into the way in which learners do, observe, abstract, make connections, draw conclusions and develop skills. The question of instruction strategies needs attention. Research designs should make provision for reference to relationalised thinking, inductive and deductive thinking, as well as cognitive modelling (thinking out aloud) as an instruction strategy. Haycock (2001) suggests that the achievement gap between the achievements of advantaged and disadvantaged students is partly caused by teachers in disadvantaged regions who not only give their students fewer assignments to do, but also by the fact that these assignments are of an inferior quality and then award high grades to work that deserves low grades. She goes on to say that disadvantaged students need extra help (including more time and instruction). Lastly, it is of crucial importance to appoint teachers who not only know how to teach subjects, but who have also mastered the subject content satisfactorily.
Lastly: reflections on a more philosophical note
The current study highlights the fact that language discourses much of what teachers practise in mathematics classes. Sentson (1994) links up with this view by pointing to the relationship between learners' proficiency in their first and second language: 'When mathematics is learned in a second language it is not only the learner's proficiency in this second language (L2) that affects the nature and quality of learning, but also the learner's proficiency in his/her first language (L1) ' (p. 110) . Setati and Adler (2002, p. 265) , after intensive research on code-switching in primary mathematics classrooms (a regular occurrence in South African classrooms), conclude that 'negotiating across languages is intertwined with negotiating across discourses'. In this way, indeed, learners' mother tongue may be utilised as a main learning resource (Setati & Adler, 2002) . Setati (2002, p. 19) aptly states that it would be short-sighted in these matters to focus only on the fact that second-or thirdlanguage learners in English study mathematics in a 'foreign' language, but, even more so, to take into account that 'various languages used will privilege different discourses in mathematics'. Clearly, this facet of teaching facilitation in Tswana classrooms needs to be investigated further. o op pe en nU UP P ( (J Ju ul ly y 2 20 00 07 7) ) Sibaya, Sibaya and Mugisha (1996) refer to the relationship between language proficiency and achievement in mathematics in the following terms: 'Black secondary school pupils' performance in mathematics is significantly influenced by the command of the language of instruction. Furthermore, black pupils who have good command of mathematics language do better in mathematics than those who have poor command ' (p. 36) .
In Koen's (2003) research, Sesotho learners achieved a mean score of 36.1% in the reading test, which suggests that these learners experience reading problems in their mother tongue. This is cause for concern, especially since international research has shown conclusively that learners need at least six to eight years' education in their mother tongue before a second or third language can be used successfully as a teaching medium (Koen, 2003) .
On a more concrete level, Rothman and Cohen (1989) justifiably ask where the teaching of the 'language of mathematics' fits into the mathematics curriculum. These authors suggest that teachers need to apply themselves to the specific teaching of the language of mathematics, particularly in cases where mathematics is taught by means of a second or a third language. Joubert (1990) has found that mathematical reading proficiency can be developed and reports that the introduction of a reading programme aimed at promoting mathematical reading proficiency rendered an improvement of 14.16% in the next test. Any possible remedial strategy will therefore have to make provision for the specific teaching of mathematics language.
However, our study also makes it clear that mathematics teaching cannot be divorced from the socio-economic context in which it is taught. According to Ramnarain (2003) , disadvantaged learners (especially those learners from seriously impoverished learning environments) lack a sound informal mathematics knowledge base and the skill to 'engage independently and effectively in mathematical tasks ' (p. 33) . Teachers in our research group confirmed this view and opined that factors such as a serious lack of parental involvement and a severely disadvantaged early learning environment potentially debilitate these learners for the rest of their lives. Ramnarain's findings assume particular significance in the light of the following findings. According to the Department of Education (DoE) (2003) , approximately 31% of households have access to commodities such as television, radio, phones, computers, books and magazines. Newspapers and magazines were in even shorter supply, with only 235 of the learners having access to these commodities. 25.5% of learners indicated that they only had one meal per day. Recent research conducted by the DoE (2003) has shown conclusively that resources at home, followed by factors such as ease of access to school, parents' education level and early childhood development, have the strongest influence on learner achievement. The DoE (2003), in conclusion, emphasises that a strong (positive) correlation exists between learner achievement and the quality of learner support facilities at school.
Clearly it would be foolhardy to underestimate the interplay between the political (policy) context, currently adhered to pedagogical epistemologies and classroom matters (such as those spelt out above, e.g. the language of instruction). Let us explain. The current approach to education in South Africa, namely an OBE
